INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is becoming the leading cause of liver damage in Western countries. 1 Although the predisposition to progressive NAFLD is influenced by genetic heritability, 2 However, to date, human studies investigating the association between dietary vitamin B6 and liver steatosis are lacking. Recently, transient elastography (TE) was developed to detect and quantify liver steatosis by means of a non-invasive parameter, i.e. the controlled attenuation parameter (CAP) which correlates with the histopathological evaluation of hepatic steatosis. 9, 10 Epidemiological data on the association between dietary components or body composition indices and hepatic steatosis assessed with this new test are very limited. Consequently, the primary aim of this study was to find out which nutritional factors, including vitamin B6, and body composition parameters were associated with the presence of hepatic steatosis. The primary outcome measure was hepatic fat content quantified using the CAP score. This study also aimed to investigate whether there was a difference in the CAP score depending on the different ranges of vitamin B6 intake.
MATERIALS AND METHODS
In this cross-sectional study we enrolled adult individuals invited by newspaper advertisements to be screened for the possible presence of liver steatosis by TE. The investigation was conducted from July to December 2015 at the "Mater Domini" Azienda University Hospital. The protocol was approved by local ethical committee of this Hospital (protocol number 2013.11). Written informed consent was obtained from all participants. The investigation conforms to the principles outlined in the Declaration of Helsinki.
Exclusion criteria
During the medical interview and examination, we excluded from the study those who, had clinical and laboratory signs of chronic hepatitis B and/or C virus infection, past and current alcohol abuse (> 20 g of alcohol per day; 350 mL (12 oz) of beer, 120 mL (4 oz) of wine, and 45 mL (1.5 oz) of hard liquor each contain 10 g of alcohol), current use or history of drug treatment causing hepatic steatosis, impaired liver function, presence of autoimmune or cholestatic liver disease, Type 1 and 2 diabetes mellitus, and those to whom it was not possible to measure CAP score for technical reasons. The following criteria were used to define diabetes: fasting blood glucose ≥126 mg/dL or antidiabetic treatment.
Liver transient elastography
TE can quantify liver steatosis by CAP assessment and measure liver stiffness. 12 (Fibroscan ® ; Echosense SASU, Paris, France). Both stiffness and CAP score were obtained simultaneously and in the same volume of liver parenchyma. All patients were evaluated using the 3.5 MHz standard M probe on the right lobe of the liver through intercostal spaces with the patient lying supine and placing the right arm behind the head to facilitate access to the right upper quadrant of the abdomen. The tip of the probe transducer was placed on the skin between the rib bones at the level of the right lobe of the liver. All scans were performed by the same investigator. Liver stiffness was expressed by the median value (in kPa) of ten measurements performed between 25 and 65 mm depth. Only results with 10 valid shots and interquartile range (IQR)/median liver stiffness ratio<30% were included. The cut-off value for defining the presence of fibrosis was liver stiffness >7 kPa.
We assessed CAP score using only the M probe because the CAP algorithm is specific to this device. Ten successful measurements were performed on each patient, and only cases with ten successful acquisitions were taken into account for this study. The success rate was calculated as the number of successful measurements divided by the total number of measurements. The ratio of the IQR of liver stiffness to the median (IQR/MLSM) was calculated as an indicator of variability. The final CAP score (ranged from 100 to 400 decibels per meter (dBm−), was the median of individual measurements. The ratio of IQR in CAP values to the median (IQR/ M CAP) was used as an indicator of variability for the final CAP ]. In order to identify the presence of hepatic steatosis, three different cut-offs were evaluated: 216, 250 and 300 dB/m.
10,11

Dietary intake and cardiovascular risk factors assessment
Dietary intake data were assessed by a 24-hour recall and a seven-day food record, 12, 13 and calculated using nutritional soft- 13 This database includes over 5,000 foods and brand name products, and is updated annually. Briefly, dietary intake data were entered directly into the software MetaDieta. The software searches for foods and brand products by name. The coding of foods and their variable ingredients occurs as data are entered, with the simultaneous immediate calculation of nutrients. Nutrient values and other food components were generated from the database together with food group assignments.
We assessed the presence of the classical cardiovascular (CV) risk factors, such as hyperlipidemia, hypertension, diabetes and smoking, from clinical records and patient interview. 12, 14, 15 Blood pressure was determined at the time of the visit. Obesity was defined by the presence of a body mass index (BMI) ≥30 kg/m 2 .
Biochemical evaluation
Venous blood was collected after fasting overnight into vacutainer tubes (Becton & Dickinson, Plymouth, England) and centrifuged within 4 h. Serum glucose, total cholesterol, high density lipoprotein (HDL)-cholesterol, triglycerides were measured with Enzymatic colorimetric test. Low-density lipoprotein (LDL) cholesterol level was calculated by the Friedewald formula. 16 Quality control was assessed daily for all determinations. 
Anthropometric measurements
Statistical analysis
Data were reported as mean ± SD. A minimum of ninety eight subjects are required to detect a significant CAP score difference of at least 10% between vitamin B6 tertiles, with 80 % power on a two-sided level of significance of 0.05.
Pearson's correlation was used first in the whole population and it was, then, used in obese individuals to identify the variables correlated with CAP score given that the continuous variables were normally distributed. We analyzed the correlation with the following variables: age, BMI, WC, HC, glucose, LDL, HDL, triglycerides, ALT, AST, SBP, DBP, FM, intake of calories, carbohydrates, fat, total protein, animal-based protein, plant-based protein, animal fat, vegetal fat, monounsaturated and polyunsaturated fatty acids, cholesterol, saturated fat, vitamins, amino acids, alcohol per day.
We categorized the whole population and, subsequently, only those with obesity, according to tertiles of vitamin B6 intake. A chi square test was performed to compare the prevalence and ANOVA was performed to compare the means between tertiles, with a Fisher's LSD test as a post-hoc analysis.
A logistic regression analysis was performed to test the association between tertiles of vitamin B6 intake and all of the potentially confounding variables, as independent variables, with hepatic steatosis serving as the dependent variable (binary variable; CAP score >300 dB/m) 11 (potential confounders were all those factors correlated with CAP score in the univariate analysis with a P-value <0.1). In addition, stepwise multivariable linear regression analysis was used in both the whole population and the obese. The main independent variable plus all of the confounding variables were entered into one model, with the CAP score as independent variables.
Finally, in those obese, a Pearson's correlation was used to identify the food groups eventual correlated with vitamin B6 intake, that were the following: grains, meat, alcohol, beer, seed oils, trans saturated fatty acid, cheeses and calories. Significant differences were assumed to be present at P<0.05 (two-tailed). All analyzes were performed using SPSS 20.0 for Windows (S. Wacker Drive, Chicago, Illinois 60606, USA).
RESULTS
A total of 168 subjects were consecutively enrolled in the study.
https://doi.org/10.3350/cmh.2017.0019 Table 1 shows the participants' demographic, anthropometrics and clinical characteristics. Mean age was 44±16 years. Mean BMI was 29±6 kg/m 2 . A total of 58 individuals (34.5%) were obese. In the whole population, 75% had a CAP value ≥216, 47% ≥250, and 20% ≥300 dBm−1. Table 2 shows the factors correlated with the CAP score. Vitamin B6 correlated with the CAP score (r=0.13; P= 0.08). As expected, BMI, WC, glucose, triglycerides, ALT, AST correlated with the CAP score (r=0.51, P =0.001; r=0.60, P<0.001; r=0.35, P<0.001; r=0.44, P<0.001; r=0.32, P<0.001; r=0.46, P<0.001, respectively) while no association was found with alcohol or beer consumption. Furthermore, total carbohydrates, fat and protein intake and monounsaturated fatty acids and saturated fat corre- lated with the CAP score. Table 3 shows the characteristics of the whole population according to vitamin B6 tertiles. Participants in tertile I (lowest vitamin B6 intake) had a lower CAP score than those in the tertile III (highest intake, P=0.004; post-hoc analysis, Table 3). All other factors were not significantly different between tertiles.
Logistic regression analysis (Table 4) showed that the tertiles of vitamin B6 intake were positively associated with the presence of hepatic steatosis (B=-1.89; SE=0.85, P =0.026, CI 0.03-0.80) as well as tryglicerides, glucose, ALT and BMI. In the stepwise multivariable analysis, the CAP score remained still positively associated with vitamin B6 tertiles (B=8.14; SE=4; P=0.04; CI 0.01-16.1), tryglicerides, glucose, ALT and BMI while all other factors showed no association (Table 5) .
Subgroup with obesity
The mean age was 51±11 years. In this group, 89% had a CAP value ≥216, 70% ≥250 and 36% ≥300 dBm−1. Table  6 shows the factors that were correlated with CAP score. Again Vitamin B6 correlated with the CAP score (r=0.40; P=0.01). As in the whole population, BMI, WC, glucose, triglycerides, ALT and AST again correlated with the CAP score. Unlike the whole population, age correlated with the CAP score (r=0.20, P=0.02). Furthermore, a correlation was found between vitamin B3 intake and the CAP score, showing a higher r value with a stronger P-value than the intake of other macronutrients and micronutrients (r=0.42, P<0.001). Table 7 shows the participants' characteristics according to vitamin B6 tertiles. Participants in tertile I had a lower CAP score than those in tertile III (P=0.01; post-hoc analysis, Table 7 ) and those in tertile II had a lower CAP score than participants in tertile III (P=0.04; post-hoc analysis; Table 7 ). Participants in I tertile had also a lower SBP and DBP than those in tertile III (P=0.008 and P=0.001 respectively; post-hoc analysis, Table 7) and those in tertile II had a lower SBP and DBP than individuals in tertile III (P=0.007; P=0.005 respectively, post-hoc analysis; Table 7 ). In the stepwise multivariable analysis, the CAP score was still remained positively associated with total protein intake (B=0.56; SE=0.23; P=0.019; CI 0.10-1.02), tryglicerides and ALT while all the other factors showed no association (Table 8) . In tertile II, 40% of individuals had Steatosis grade S2 and 23% had S3 10 ]. In those in tertile III, 45% had steatosis grade S3 and 27% had S2. A Pearson's correlation identified foods groups correlated with vitamin B6 intake confirming the lack of correlation between vitamin B6 and alcohol or beer consumption (P =0.39, r=0.11 and P=0.27, r=0.15 respectively) while a correlation between intake of vitamin B6 and grains, meat and cheeses consumption and calories was present (P =0.03, r=0.29; P<0.001, r=0.62, P =0.04, r=0.38 and P<0.001, r=0.48, respectively; table not shown).
DISCUSSION
To the best of our knowledge, this is the first study demonstrat- BMI, body mass index; WC, waist circumferences; HC, hip circumferences; SBP, systolic blood pressure; DBP, diastolic blood pressure; FFM, free fat mass; FM, fat mass; CAP, controlled attenuation parameter; HDL, high density lipoprotein; LDL, low density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NS, non significant. ing the positive association between the presence of hepatic steatosis, assessed by TE, and tertiles of vitamin B6 intake. Furthermore, in obese individuals we found a positive association between the liver fat content, measured by the CAP score, and total protein intake. In this subgroup we found a correlation between the intake of vitamin B6 and food groups such as meat, grains, and cheeses. As expected, both the liver steatosis and CAP score were associated with serum glucose, triglycerides, BMI and ALT. Finally, we found a parallel increase in the CAP score with increasing vitamin B6 intake. In both the whole population and the subgroup of obese individuals, we found that participants in the lowest vitamin B6 tertile had a lower CAP score than those in the highest tertiles and all other variables showed no significant differences between tertiles. Previous studies have demonstrated the detrimental effects that several dietary components have on promoting the development and progression of NAFLD. 1, 2 Although previous studies have attempted to establish the dietary risk factors for NAFLD in the general population using the 7-day food record, 13, 19 the role of vitamin B6 intake on liver steatosis has been scarcely studied in humans.
There have also been few investigations into the association between body composition parameters and the CAP score. Nevertheless our study was not designed to explore the mechanisms underlying the pathogenic role of vitamin B6 on NAFLD. Instead it suggests that an association may exist, thus generating hypotheses for future research. It has been already demonstrated that the synthesis of AA from linoleate involves vitamin B6. 20, 21 A high production of AA can increase the synthesis of AA-derived eicosanoids, curtailing that of eicosapentaenoic acid (EPA). 22 This is now considered an important mechanism in the pathogenesis of NAFLD. 23 In fact, high AA-derived eicosanoids lead to the synthesis of 2-series prostaglandins and thromboxanes and 4-series leukotrienes, which play a crucial role in regulating the production of proinflammatory cytokines, the production of reactive oxygen species and neutrophil activation. 23, 24 Our study appear to diverge from other investigations which have shown a beneficial effect of dietary pyridoxal 5′-phosphate and pyridoxal, in particular on lipid glycation and lipid peroxidation. 25 However, these positive effects were demonstrated in streptozotocin (STZ)-induced diabetic rats while no effect was found in normoglycaemic rats. 25 In human studies, the clinical value of pyridoxine and pyridoxine-pyrrolidone carboxylate on liver disease has only been demonstrated in the treatment of acute alcohol intoxication, 26 and with controversial results. 27 It is clear that further research on this issue is needed to fully elucidate the precise role played by dietary vitamin B6 in the development of liver inflammation and steatosis. In this study, a correlation was found between vitamin B3 intake and the CAP score, showing a higher r value with a stronger P-value than the intake of other macronutrients and micronutrients (r=0.42, P<0.001). However, we investigated the potential effects of vitamin B6 intake since it participates as a cofactor in transamination reactions, non-oxidative deamination and long chain fatty acid synthesis in the liver and needs to be obtained exogenously. 7, 8 On the contrary, the intestine is capable of partially synthesizing vitamin B3. Furthermore, dietary tryptophan can be converted into vitamin B3. The synthesis of vitamin B3 (niacin) from tryptophan depends on enzymes requiring vitamin B6. Thus, in our study we focused on vitamin B6 and excluded vitamin B3 from further statistical analyses because it is difficult to investigate the potential effects derived only from vitamin B3 contained in foods.
In our study, the positive association between liver steatosis and vitamin B6 may merely indicate a high meat consumption in those participants with a high CAP score. This is confirmed by the correlation between the CAP score and animal-based protein. Furthermore, the consumption of meat significantly contributes to vitamin B6 levels. 28 The recommended daily intake of vitamin B6, for adults, is 1.7 mg in men and 1.3 mg in women 29 while in our investigation, participants from tertile III (50% were male) exceeded these levels. It has already been demonstrated that over-consumption of meat and grains increases the risk of developing NAFLD. 30, 31 Individuals with NAFLD have a greater intake of total protein per day compared to those without NAFLD. 32 In line with these findings, our study confirms the importance of restricting the consumption of particular food groups, in order to also limit the amount of vitamin B6. Furthermore, in the subgroup of obese individuals, we found a correlation between the intake of vitamin B6 and meat, grains, and cheese consumption. Some strengths and weaknesses must be pointed out in this study. In order to detect hepatic steatosis, three different cutoffs were evaluated. Currently, numerous research on CAP technology has been performed on small cohorts that differ in term of their etiologies and cut-offs. Consequently, in this study three cut-offs were chosen because they include most of the previously published cut-offs for the diagnosis of steatosis >33%. 10, 11 However, irrespective of the steatosis grade and cutoffs used, an important finding in our study is an increase in the CAP score with an increasing vitamin B6 intake.In this study, we did not carry out a liver ultrasonography which is the most common liver imaging technique used in both research and clinical practice. However, it is well known that it is highly operator-and machine-dependant and cannot quantify steatosis. 33 CAP assessment has overcome this limitation, with the additional advantage of being able to exclude fibrosis and cirrhosis. Furthermore, it is well known that a liver biopsy is the gold standard for the assessment of hepatic steatosis, necroinflammation and fibrosis and, in this regard, now the CAP score provides a standardized non-invasive measure of hepatic steatosis. 34 Our study was limited by its cross-sectional design, thus, it is impossible to infer causality. In particular, it is difficult to prove that a 7-day intake of vitamin B6 could have an effect on liver steatosis development, which is a slow progressive disease. Furthermore, data collected in this manner may be open to errors due to the method of data acquisition as well as the unreliability of patient recall and/or reporting. However, previous studies have identified the dietary risk factors for NAFLD using this method. 13, 19 In addition, it is well accepted that a 7-day record gives a representative measure of the habitual dietary intake, especially when conducted under the same conditions. [35] [36] [37] Several fundamental studies found an association between hepatic damage and increasing doses of alcohol, which were estimated only on the basis of a dietary intake assessment. 13, 38, 39 Our study suggests the possibility that an increased vitamin B6/total protein intake may have a role in the pathogenesis of fatty liver. Finally, we believe that this study raises several important issues regarding the independent influence of vitamin B6, BMI or other anthropometric and laboratory parameters on hepatic steatosis. However, despite it is being well accepted that only visceral obesity seems to be the main source of pro-steatogenic mediators, it also has been suggested that, among patients with hepatic steatosis, the presence of visceral obesity does not seem to be a major determinant for non-alcoholic steatohepatitis. 40 In humans, genetic polymorphisms associated with NAFLD may also dissociate hepatic steatosis from obesity and insulin resistance. 41 In addition, a percentage of NAFLD patients in tertiary care are lean and, compared with obese individuals, had higher aminotransferase levels. 40 Finally, NAFLD is more frequently ignored in normal weight populations who may have a high total protein intake. 40 Further studies, specifically in this set of patients, are necessary in order to better understand the nature of the interaction between all these potential risk factors for hepatic steatosis. We believe that these results can help to suggest other mechanisms and to hypothesize new dietary factors involved in the pathogenesis of NAFLD.
